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Abstract
Purpose The aims of this paper are to describe the morpho-
logical alterations within an infant craniofacial skeleton
caused by an orbital tumor and present how the bone reacts
in contact with a spreading tumor mass.
Methods A study was performed on the dry skull of a child at
the age of approximately 2 years. Morphological alterations of
the craniofacial skeleton were analysed by visual inspection,
and the intracranial cavity was examined with the aid of a
digital camera. Subsequently, the skull was examined using
computed tomography.
Results The skull was identified as having unilateral symp-
toms of orbital destruction caused by a malignant tumor,
probably retinoblastoma or rhabdomyosarcoma. The left orbit
and surrounding bones showed extensive malformation
caused by the invading tumor. Profound deformities were also
observed in the nasal cavity, which was partially occluded by
the collapsed medial wall of the left orbit. The tumor extended
to the wall of the orbit, spread out of the orbit, penetrated to the
anterior cranial fossa, and probably invaded the brain.
Conclusions Extensive pathological cranial destruction and
possible metastases to inner organs suggest that the orbital
tumor was the cause of death. Anatomical alterations observed
in the craniofacial skeleton indicate a highly aggressive char-
acter of the orbital tumor.
Keywords Retinoblastoma . Rhabdomyosarcoma .
Neuroblastic tumor . Intraocular malignancy . Skull
destruction
Introduction
Typical ocular neoplasms which originally develop in the eye
cells include retinoblastoma and melanoma. These are non-
metastasizing neoplasms, since the eyeball is surrounded with
membranes which are difficult to penetrate; also, the inside of
the eye does not contain its own lymphatic system, which
would favor the spread of neoplastic cells to other organs [6].
Rich blood supply and relatively slow blood flow in ocular
blood vessels contribute to the formation of metastatic foci in
the eye. Hence, most frequently diagnosed ocular and orbital
neoplasms are in fact metastatic forms of tumors in soft parts
[12, 32]. Neoplasms occur relatively rarely within orbital
sockets. The highest incidence is reported in early childhood,
with a noticeable decline in the number of cases in later
periods. The disease process of cancer in children is somewhat
different to that of adults [24]. Most lytic lesions within the
orbit in young children is benign and does not pose a threat to
the eye and does not affect the process of seeing [24, 31]
Tumors diagnosed within orbital sockets can be divided into
three groups. The first group includes the so-called primary
tumors related to neoplastic lesions in the cornea, conjunctiva,
and intraocular tumors. Another group comprises tumors which
are metastatic forms from adjacent anatomical structures. Such
forms include metastatic tumors from the nose, paranasal si-
nuses, nasopharynx, or neoplasms of the skin surrounding the
orbit. Finally, the orbit or its surrounding area may contain
lesions of various intensity resulting frommalignant metastases
from soft parts [8, 29]. The types of neoplasms which occur in
children slightly vary in terms of histological type and image
from the ones which afflict adults. In children, the most
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frequent type of tumors are primary tumors, i.e., located in the
orbit itself or in the close vicinity of the orbit and connected
with the structures of the organ of sight. About 10–30 % of all
orbital neoplasms are malignant tumors [6].
One of the most frequent tumors in early childhood,
afflicting boys more often than girls, is rhabdomyosarcoma, a
benign neoplasm of soft tissues originating from skeletal stria-
ted muscles [7, 33]. It makes for 5 % of all tumors forming in
the orbital vicinity. The tumor most frequently occurs in the
cardiac muscle. Apart from the heart, it may also appear in the
head and the neck, and in small children, in the orbital area. In
over a third of all cases, rhabdomyosarcoma is located in the
head and neck areas, as well as the orbital area; these locations
are the primary foci of the neoplasm. The neoplasm may also
spread secondarily to the orbit from the nasopharynx,
pterygopalatine fossa, infratemporal fossa, or paranasal sinuses
(the so-called parameningeal sites) or as a site of metastasis.
Other neoplastic lesions observed in children include vas-
cular tumors located in the vicinity of the orbit and the eye.
Congenital neoplasms, e.g., rhabdomyosarcoma activated in
the same age group, include venous-lymphatic malformations
and lymphangiomas [6]. Another similar neoplasm located
originally in the orbit is the retinoblastoma.
Retinoblastoma is the intraocular malignant tumor occurring
mostly during infancy and childhood. It arises from
neuroectodermal cells that are destined to become photorecep-
tors of the retina [22]. The annual incidence of retinoblastoma is
l/15,000–1/30,000 live births [3, 30, 35]. The disease usually
afflicts children before the age of 5 years [3, 38], but adult cases
have also been clinically recorded [20] Families that carry the
RB gene mutation are particularly prone to retinoblastoma [10,
22]. The tumor occurs more often unilaterally (2/3 to 3/4 of
cases) than bilaterally [1, 3]. Bilateral and multifocal unilateral
tumors are hereditary. According to Tamboli et al. [35], there
are no differences in incidence of retinoblastoma by sex, race,
and preference for either the right or left eye. Clinical symptoms
can be: headache, nausea, unsteady gait, visual field defects,
hypopyon, hyphema, buphthalmia [3, 5, 25]
The aim of this paper was to present the morphological
alterations within craniofacial skeleton of the child caused by
the orbital tumor. Hence, we tried to find out which ocular
neoplasm could be a possible reason of the observed defects.
Material and method
A skull afflicted with an ocular tumor belongs to the cranial
collection, which is housed in the Department of Anatomy of
the Medical College of the Jagiellonian University. The skull is
well preserved and shows no traits of any cranial deformities,
except those caused by the tumor. Remnants of the soft tissues
were observed within the orbital cavities. They are dried and
locally delaminated from the bone. Visual inspection of the
skull revealed its child character but the sex is unknown. The
following features refer to the early age of individual: the frontal
fontanelle is well developed, while the occipital, sphenoid, and
mastoid are obliterated. The lower portion of the metopic suture
is fused. The other sutures of the cranial vault are opened. There
are prominent parietal tubers, bones are thin and delicate,
neurocranium is much bigger than viscerocranium. Both upper
incisors (I1, I2) and molars (M1) came through the maxilla, but
the upper canines were already teething. The mandible is not
preserved therefore its dentition was not assessed.
Taking into account the overall cranial morphology, stage
of teeth eruption, state of the sutures of the vault, and presence
of the anterior fontanelle, we presume that the child’s age at
death was approximately 21–24 months [4].
The interior of the cranial cavity was investigated by a
small digital camera which was introduced into the skull
through the foramen magnum. Particular attention was paid
on the posterior wall of the orbit afflicted with a tumor. Digital
images obtained from the camera were processed with ImageJ
program which is a public domain, Java-based image process-
ing software (US National Institutes of Health; http://rsb.info.
nih.gov/ij). The size of the pathologic change within the facial
skeleton was expressed by the biggest horizontal and vertical
diameter, measured by the digital sliding caliper.
In an attempt to study the inner structure of the craniofacial
skeleton, computed tomography was employed using a ten-
row CT scanner (Somatom Sensation 10, Siemens). The pa-
rameters of the CT study were as follows: matrix 512; expo-
sure factors 120 kVp, 120 mAs; slice thickness 0.6 mm.
The computed tomography yielded images in a very wide
range of greyscale. Therefore, the brightness and contrast of the
slices viewed was adjusted to display the details of the osseous
structure. A linear intensity window setting technique was used
to view CT scans in order to provide adequate contrast and
ensure a good quality of the visualized osseous structures.
Computed tomography of the skull was also employed to
analyze the inner structure of the calvarial bones and to
observe potential changes of the diploe and tables of compact
bone caused by aging processes. In order to perceive more
details in the images, we applied a zoom factor of 1.5–2.0.
This facilitated a detailed analysis of the relationship between
the diploe and the outer and inner table of the compact bone.
Results
Pathologic changes leading to abnormal anatomy of the orbit
caused by the tumor are observed both in superior and anterior
aspect of the skull. The most profound deformities caused by
the tumor activity occurred within facial region. Morpholog-
ical changes refer not only to the malformation of the orbital
cavity but mostly to the left part of the face, which was
afflicted with the disease. The size of the pathologic change
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within the facial skeleton was measured as 600 × 480 mm. It
comprises mainly the left orbit, left maxilla, left zygomatic
bone, and also the orbital part of the frontal bone. The right
orbit is almost not altered (Fig. 1).
The apparent superior margin of the left orbit is turned
inside out, widened, and protruded so the vault in the region
of the forehead is compressed. The frontal bone along this
margin is markedly darker in color than normal bone.
Destroyed anterior edge of the frontal squama shows exten-
sive hypertrophy of the diploe that was visible because of
the destruction of the external lamina of the compact bone.
The diploe of the left orbital wall was strongly compressed
and locally shows perpendicular lamelation.
In the anterior aspect, the frontal bone forming supraorbital
edge and the roof of the orbit is strongly remodeled. It contains
two distinct zones of the bony tissue (Fig. 2). The inner zone is
less dense and porous while the outer zone appears denser,
probably because of vertical condensation of the bony trabec-
ulas. Underneath there is an atypical cleft of the crescents
shape, which penetrates to the anterior cranial fossa so the
dura mater of the brain is visible. This cleft extends from the
midplane towards the left frontal tuber (Fig. 3).
The supero-lateral wall of the orbit is extensively eroded
that manifests in well-visible structure of spongy bone. Pos-
teriorly, the lateral orbital wall is malformed and exists in the
form of the thin ossified membrane. It continues towards the
optic canal, which is occluded. Numerous and irregular bony
granulations extend from the postero-lateral wall of the left
orbital cavity. They partially covered up the left superior
orbital fissure, forming a narrow protuberance. These struc-
tures are of unclear origin and might have resulted from
ectopic ossification of the soft tissue that covers the orbital
wall or invasion of tumor. The inferior edge of the left orbit is
extremely thin and bulged downward and forward, thus low-
ering the position of the left infraorbital foramen.
The medial wall of the orbit is extremely thin with single
perforations that communicate to the nasal cavity, particularly
in the lower and posterior part. Hence, the orbital plate of the
ethmoid bone is deepened towards the midplane.
The nasal cavity is strongly deformed and partially occlud-
ed by the invaginated medial wall of the left orbit towards nasal
septum. The left lateral margin of the piriform foramen is
dislocated so it adheres to the nasal septum. This condition
caused a significant reduction of the capacity of the nasal
cavity and considerable malformation of the piriform foramen.
Visual inspection of the intracranial cavity performed by
the digital camera revealed presence of completely ossified
spots within the dura mater. This observation was also con-
firmed by the CT examination.
CT imaging revealed regular hyperostosis of the inner
surface of the frontal squama with bleared compact tissue
and a visible difference between the structure of the hyperos-
totic tissue and the diploe. In addition, irregular hyperostosis
and calcifications in the orbital apex without narrowing of the
optic canal as well as small calcifications adjacent to detached
dura mater at the level of the orbital apex. The CT image also
shows irregular rim of calcification around osteolytic destruc-
tion of the superior margin of the orbit with a blearing of
compact tissue.
Presented skull afflicted with tumor changes reveals how
aggressive the neuroblastic tumor can be and what is the
morphological response of the bones when subjected to its
activity. Our diagnosis inclines that craniofacial destruction in
the analyzed skull might be a possible effect of the retinoblas-
toma or rhabdomyosarcoma.
Discussion
The detailed analysis of lesions by means of computed to-
mography did not allow us to provide a clear diagnosis of the
case discussed in this study. Notwithstanding the above, in
their diagnosis, the authors are inclined towards advanced
lesions characteristic of rhabdomyosarcoma. Still, a different
Fig. 1 Anterior and superior
view of the skull afflicted with
tumor’s changes
Childs Nerv Syst (2015) 31:285–290 287
neoplasm, i.e., retinoblastoma, which also typically occurs in
the first decade of human life, cannot be excluded. An individ-
ual affected by this condition frequently shows such symptoms
as leukocoria and strabismus [2]. Patients with advanced reti-
noblastoma present with orbital mass, blindness, and proptosis.
They frequently have the following signs and symptoms of
central nervous system disease: seizures, irritability, or coma [1].
The clinical classification of retinoblastoma comprises four
stages: stage I, intraocular disease; stage II, orbital extension;
stage III, central nervous system metastasis; and stage IV,
hematogenous metastasis [11].
According to Tateishi and colleagues [37], retinoblastoma
is divided into three types: type A, intraocular tumor; type B,
intraorbital tumor with spread into the optic nerve; and type C,
tumor extending to lateral aspect the orbit and invading the
brain via the sphenoid bone.
The skull, if regarded as a case of retinoblastoma, may
potentially be classified as type C, a tumor extending to the
orbital wall and probably invading the brain.
Extensive pathological alterations of the skull morphology
and possible metastasis to inner organs allow concluding that
retinoblastoma was the reason of death of the investigated
child. Almost all untreated patients with retinoblastoma die of
intracranial dissemination of the disease within 2 years [19]. It
appears that this period of potential survival corresponds to
the estimated age at death in our case.
Hence, premature metopic craniosynostosis and frontal si-
nus aplasia can be observed [38]. As the retinoblastoma
develops inside the eye, it progressively destroys all surround-
ing structures and spreads also over the bones of the facial
skeleton. In the studied skull, the area of the frontal bone, which
border with edges of the pathologic change, have darker color
than normal bone. It might be caused by infiltration and bone
atrophy because of compression by the tumor mass.
Perpendicular lamelation of the spongy bone within left
supraorbital region resembles altered pattern of the diploe that
can be found in people afflicted with anemia. In this disease,
red marrow hyperplasia causes widening of the diploic space,
and the outer table of compact bone thins or is completely
obliterated. Hence, thickening of the trabeculae and their
arrangement in parallel rows within the diploe may occur
[13, 21, 27] and describe the changes in the diploe associated
with anemia like the hair-on-end sign (thin vertical striations).
In our case, possible extensive function of the red bone
marrow related to the tumor activity could cause an over-
growth of the diploe and alteration of its structure. Some
authors have enhanced activity of bone marrow cancer, com-
bined with the other, which is rhabdomyosarcoma. In histo-
logical researches, features of infiltrated marrow were so
characteristic that the diagnosis of alveolar rhabdomyosarco-
ma could be made [26]. Hence, in our case, the observed
changes in hypertrophic dipoles can be an evidence for rhab-
domyosarcoma. This might have been also a result of the
tumor expansion and compression on the bone leading to
internal remodeling. The marrow hyperactivity of the cranial
bones can be a response to local invasion of the tumor.
Fig. 2 Closeup view on the left
orbit eroded by the tumor. Note
malformed supraorbital edge
showing distinct organization of
the osseous structure (FT frontal
bone,MAmaxilla, RO right orbit,
OZ outer zone of vertical
trabecula, IZ inner zone of porous
bone), the arrowheads indicate
cleft of the crescents shape
penetrating to the cranial cavity
Fig. 3 Intracranial view of the
calcified spots of the dura mater
adjacent to posterior wall of the
orbit afflicted with a tumor. CT
scan presents calcification of the
dura mater
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Retinoblastoma can invade surrounding bones by infiltra-
tion or metastasis. In rare cases, retinoblastoma gives metas-
tases to the maxilla and mandible. Bone destruction can also
concern the upper molar region around the first permanent
molar, and it can spread into the maxillary sinus eroding its
wall [34]. The investigated skull does not show any noticeable
traces of metastasis within alveolar processes of the maxilla.
Although the shape of the orbital part of the maxilla was
altered, the bone structure seems to be intact by the tumor.
Similarly, the teeth of the maxilla present apparently normal
external morphology. Considering the above arguments in
favor of metastases and lesions within the maxilla, the ques-
tion on whether the analyzed case may be classified as retino-
blastoma is disputable. Please note that the lack of extracranial
bones, which could be useful in verifying potential hematog-
enous metastases to remote locations [11].
A malignant soft tissue tumor which originates in muscles
and is the most frequent neoplasm among young children is
more likely. Rhabdomyosarcoma accounts for 50 % all soft
tissue sarcomas and about 10 % of all malignant extracranial
solid tumors. Rhabdomyosarcoma is more frequent in males
than in females; in this case, unfortunately, the sex is un-
known. Lack of an extant mandible or complete deciduous
dentition made it impossible to establish the sex of the subject
by morphometric or macroscopic means based on mandibular
morphology. Due to an unverified origin of the skull and high
probability of sample contamination, no attempt was made to
establish the sex by genetic means.
Rhabdomyosarcoma may occur in various locations but
most frequently the tumor develops in the orbit, and the
affected individual shows such symptoms as the ptosis of
the upper eyelid with simultaneous narrowing of the palpebral
fissure, exophthalmos, and visual impairments due to the
pressure exerted on the heads of the optic nerve [39]. The
close proximity of the tumor may cause a decrease or loss of
pressure in the nerve, resulting in papilloedema. The discussed
case revealed irregular hyperostosis and calcifications in the
orbital apex without narrowing of the optic canal.
No calcifications are usually obtained in the tumor; if they
occur, they are related to the destruction of the adjacent bone
[16]. For this subject, CT imaging allowed us to identify calci-
fications not only in the optic canal but also small calcifications
adjacent to detached dura mater at the level of the orbital apex.
Tumor etiology is not completely known, with genetic
factors assumed to play a significant role in the development
of some its forms. The embryonic form develops usually in
the orbit. An expanding tumor forms a large, compact, and
irregular mass of soft tissue and affects the adjacent bone
tissues. In the present study, the destruction of the subject’s
orbital walls was and adjacent bones extensive. As reported by
Sohaib et al. [28] and Shields et al. [29], most cases are located
in the superonasal part of the orbital quadrant. The lesions
observed in the infant skull were not limited to the orbit,
extending to the nasal cavity, mainly from the left side. The
tumor was strongly deformed and partially occluded by the
invaginated medial wall of the left orbit towards nasal septum.
In more advanced forms, bone erosion may occur; the neo-
plasm may also infiltrate adjacent paranasal sinuses or the
nasopharynx [17, 23]. Jones, together with associate re-
searchers [14], observed rhabdomyosarcoma identified in the
orbit and in some cases reported the presence of the tumor in
the nose. Conceivably, the tumor in this study developed not
only inside the orbit but also metastasized to the nasal cavity.
Some authors also concluded that the original form of the
tumor may develop in the nasopharynx rather than in the orbit
and subsequently metastasize to the orbit [6, 29].
We would like to accentuate that in medical literature, there
are not many descriptions of the pathological alterations with-
in the craniofacial skeleton caused by retinoblastoma or rhab-
domyosarcoma. Therefore, our case report can be included in
the study of the antiquity of tumors. Scant in comparative
literature describing lesions in the orbital bones caused by
such neoplasms makes it rather difficult to give an accurate
and final diagnosis. Any description of those rare cases, in
particular rhabdomyosarcoma, focuses on contemporary oc-
currences diagnosed in the early stages of the disease, when
bone destruction is not as extensive [9, 15, 18, 29]. In the work
described are changes within the tumor itself and not the
changes that are caused by tumor in bone interaction. Changes
in the bones were imaged using CT but the resulting image
was dark and is not always clear to interpret due to tumor
infiltration [36]. Considering the extensive and advanced le-
sions which affected the child whose skull was analyzed in the
present study, it is assumed that the tumor, diagnosed as
rhabdomyosarcoma, developed intensively, and was untreat-
ed. Consequently, the child died in the first decade of his/her
life. This work, containing a detailed description of a single
case with advanced neoplastic lesions, may provide new
information on the malformation and destruction of the cra-
niofacial region, which can occur as a result of
rhabdomyosarcoma.
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